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On August 1, 2012, The National Petroleum Council (NPC) in approving its 
report, Advancing Technology for America’s Transportation Future, also 
approved the making available of certain materials used in the study process, 
including detailed, specific subject matter papers prepared or used by the 
study’s Task Groups and/or Subgroups.  These Topic Papers were working 
documents that were part of the analyses that led to development of the 
summary results presented in the report’s Executive Summary and Chapters. 

 
These Topic Papers represent the views and conclusions of the authors. 
The National Petroleum Council has not endorsed or approved the 
statements and conclusions contained in these documents, but approved the 
publication of these materials as part of the study process. 

 
The NPC believes that these papers will be of interest to the readers of the report 
and will help them better understand the results.   These materials are being 
made available in the interest of transparency. 
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Future Transportation Fuels Study - Air 
Introduction 
 
The Air Travel Demand subgroup1 was tasked by the National Petroleum Council (NPC) 
to review the long-term outlook for jet-fuel (i.e., aviation turbine fuels) demand in the 
United States out to 20502. We used the U.S. Energy Information Administration (EIA) 
2010 Annual Energy Outlook (AEO 2010) as the basis for our evaluation. The AEO 
provides a forecast for U.S. energy supply, demand and prices through 2035, and within 
this forecast resides an Air Travel Module, which incorporates future macroeconomic 
assumptions and an aircraft fleet stock submodule that, when combined, calculates 
future traffic and capacity, and consequent demand for aviation fuels. In particular, we 
took a close look at the AEO base-case scenario with a few key considerations in mind: 
 

1. What are the key macroeconomic assumptions that drive future air traffic 
demand? 

2. What are the long-term traffic and capacity growth projections for both domestic 
and international operations from U.S. airports, and how would any change in 
energy prices impact these projections?  

3. How do the model outputs (traffic demand, fuel demand, etc.) compare with the 
industry’s own expectations? 

4. What issues might materially impact future jet-fuel demand? 
 
Review of EIA’s AEO 2010 Base-case 
 
Ultimately, our team had concerns with the EIA model and base-case results, as our 
respective outlooks on future demand differed. Our first take on the base-case scenario 
looked closely at the model, assumptions, and data inputs. While a quick review of the 
macroeconomic assumptions did not raise any significant issues, we had some 
concerns with the underlying industry source data and some aspects of the model. 
Specifically, given the global nature of commercial aviation and the scope of this 
demand outlook – any forecast was to be limited to jet fuel uplifted in the United States. 
– the model’s use of U.S. Department of Transportation (DOT) Form 41 financial and 
traffic data was of particular concern, as this dataset is populated by U.S. airlines, 
whose operations span the globe. The data does not include foreign-carrier operations 
– for example, there is no coverage for fuel uplifted in the United States by a Lufthansa 
or Air China, whose route networks include U.S. cities. Despite these concerns, having 
discussed the issue at length, our group determined that using  Form 41 data for this 
purpose (forecasting future demand) was not an unreasonable approach.  Because 
foreign flag carriers currently account for roughly 50 percent of the international traffic 
and capacity to and from the United States, U.S. carriers’ entire international traffic and 

                                            
1 The subgroup consisted of United Airlines, the Air Transport Association of America, the Boeing 
Company, the Federal Aviation Administration Office of Policy and Plans, and GE Aviation 
2 The scope of this subgroup’s outlook on jet-fuel demand was strictly limited to commercial users and 
does not incorporate projected demand by other users of aviation turbine fuels such as general/corporate 
aviation and the operations of military and civilian (federal/state/local) government aircraft.  Non-
commercial use was considered to be outside the expertise of this team.   
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jet-fuel consumption should suffice as a reasonable proxy for total U.S.-based jet fuel 
consumption (i.e.,U.S. and foreign operators’ jet-fuel demand uplifted in the U.S.). 
Further, our group did not find a better source of data to estimate foreign carrier uplift in 
the U.S.   
 
There were a few aspects of the model that sparked specific comments. In particular, 
the base-case model’s estimation of future ticket prices appeared to be tied exclusively 
to future movements in jet-fuel price, which was assumed to grow modestly into the 
future in real terms by an average of 2.4 percent per annum.3 It is worth noting that, in 
the most recent 12-month period of available data, fuel accounted for roughly 25 
percent of total industry operating expense, so the notion of linking fuel expense with 
ticket prices might inadvertently neglect other cost factors that ultimately translate into 
ticket price.  Moreover, the base case shows both domestic and international passenger 
traffic yields growing annually in real terms by 1.6 percent and 1.7 percent, respectively, 
from 2010 to 2035. As shown in the chart below, this does not reconcile with either the 
empirical evidence of the past three decades or the expectations of industry observers 
looking forward. 
 

 
 

                                            
3 The EIA AEO 2010 shows fuel costs rising 2.4 percent annually from 2010 to 2035 (in $1987 dollars) 
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Similarly, but more importantly, the EIA base-case projects passenger traffic to grow 
materially less than historically has been the case or than anticipated via industry 
forecasts. For example, EIA expects system passenger traffic as measured in revenue 
passenger miles (RPMs) to grow at an annual rate of 1.4 percent from 2010 to 2035, 
well short of the 3.9 percent growth experienced from 1978 to 2009. While historic 
growth rates are not necessarily expected to continue due to capacity constraints and 
other limiting factors, current forecasts from industry stakeholders range from 2.9 
percent to 3.9 percent.  
 

 
 
Ultimately, the variance between the industry and EIA base-case traffic forecasts has a 
material impact on the outlook in jet-fuel demand. For example, EIA projects jet-fuel 
consumption to increase 0.8 percent per year out to 2035, whereas FAA is projecting 
1.9 percent growth. Based on current consumption levels, the variance between the two 
forecasts from 2009-2030 is roughly 51 billion gallons, or three times the amount of fuel 
consumed by industry in 2009.   
 
Finally, different assumptions on fleet composition have contributed to the variance in 
jet-fuel demand forecasts.  The EIA base-case relies on a mix of aircraft that is more 
dependent on smaller regional jets, which mirrored the U.S. airline industry fleet profile 
when energy prices were low. However, the economics of regional jet operations have 
been negatively impacted by high oil prices. Labor cost and revenue management 
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developments together with the expectation of continued rising and volatile oil prices 
lead industry stakeholders to expect smaller regional jets, the 50-seat market in 
particular, to have a materially smaller share of the market in the future. At the same 
time, the 70- to 90-seat aircraft market is expected to grow. Traditional single- and twin-
aisle aircraft are also expected to grow as passenger trip lengths increase and as 
international markets continue to flourish. Accordingly, the combination of larger 
average aircraft size and longer average flight stage lengths implies greater aggregate 
fuel consumption than anticipated by the base case. 
 
 

 
 
 
NPC Air Travel Demand Group Model 
 
Given the group’s review of the EIA base-case, the team elected to develop a forecast 
model of its own to better reflect industry’s outlook on jet-fuel demand. We elected to 
use the demand equation developed by the U.S. Commercial Aviation Partnership 
(USCAP)4 in its work with the Transportation Security Administration (TSA) to evaluate 
                                            
4 USCAP was led by Boeing and the Transportation Security Administration and relied on the active 
participation of the Air Transport Association of America, Airports Council International-North America, the 
Department of Transportation and the Department of Homeland Security. The USCAP model has been 
peer-reviewed and recognized – in 2006, USCAP was a finalist in the 2006 Franz Edelman Award for 
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the effects of various proposed security measures. The key parameters in the demand 
equation for passenger airlines are the U.S. economy (real GDP) and ticket price, as 
represented by the average fare for a 1,000-mile trip plus government-imposed taxes 
and fees. We assumed an income elasticity coefficient of 0.94 and a price elasticity 
coefficient of -0.625.5 The demand equation produces a forecast for enplaned 
passengers, which is then applied against an assumed average distance of a 
passenger journey6 to derive RPMs.  A load factor assumption7 is applied against 
forecast RPMs to arrive at a forecast of capacity, as measured in available seat miles 
(ASMs). The model then projects future jet-fuel demand by taking the capacity outlook 
and applying a fuel-efficiency factor8.   
 
Passenger Airlines Demand Model 

 
 
 
The key parameters in the demand equation for all-cargo airlines were akin to the 
passenger model and used real GDP and cargo price (cargo revenue per revenue ton 
mile).  For the cargo model, we assumed an income elasticity coefficient of 2.0 and a 
price elasticity coefficient of -0.21.  The demand equation produces a forecast for cargo 
revenue ton miles which is then applied against a load factor assumption9 to compute 
capacity, as measured in available ton miles.  Forecasted capacity applied against a 
fuel-efficiency factor subsequently yields an estimate of cargo jet-fuel demand. 
 
 
 
 
 
 
Cargo Airlines Demand Model 

                                                                                                                                             
Achievement in Operations Research and the Management Sciences. See 
http://www.informs.org/Recognize-Excellence/Award-Recipients/USCAP and 
http://interfaces.journal.informs.org/cgi/content/abstract/37/1/52 
5 Baseline assumption inputs in the USCAP demand equation 
6 Assumed to increase 0.7 percent per annum in the forecast period. 
7 Load factors are assumed to increase by 0.1 percentage points annually and are capped at 85 percent. 
8 A critical model assumption is future improvements in industry fuel efficiencies:.  The industry has 
committed to improve its fuel use by 1.5 percent annually from 2009 to 2020 and the model incorporates 
this factor for the duration of the forecast period. See 
http://www.airlines.org/Environment/ClimateChange/Pages/FactSheet_CommercialAviationsEnvironment
alEfforts.aspx 
 
9 Cargo load factors are assumed to increase by 0.1 percentage points annually. 
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Model Results and Review 
 
As expected, our team’s model produced results that were in line with industry 
stakeholder expectations. The forecasted average annual RPM growth rate was 3.2 
percent, which fell in line with expectations10 and was materially higher than the EIA 
base-case forecast of 1.4 percent growth: by 2035, EIA forecasts that annual traffic 
levels will have increased by only 40 percent over 2010 levels while we expect traffic to 
more than double.   
 
Higher traffic levels ultimately translate into greater jet fuel demand, although that effect 
is dampened by expected fuel efficiency gains. By 2035, EIA projects that annual jet-
fuel demand will increase 27 percent compared to 2010 while our model sees demand 
growing by 48 percent over the same time span. The variance between the two fuel 
forecasts is not nearly as distinct as the respective passenger forecasts because EIA 
assumes that annual fuel efficiency will improve by only 0.5 percent per year compared 
to the 1.5 percent annual improvement assumed in our model.11  Fuel consumption 
projections from our subgroup’s modeling are shown in Table 1 (in aggregate), Table 2 
(passenger), and Table 3 (cargo) at the end of this report. 
 

                                            
10 As referenced earlier, the industry’s long-term RPM growth projections range from 2.9 percent to 3.9 
percent annually. 
11 U.S. passenger carriers have improved fuel efficiency (on an ASM-per-gallon basis) by an average of 
1.8 percent per year since 1978. While industry analysis suggests that meeting this historic average may 
not be economically or technologically feasible going forward (for example, load factor improvements 
cannot continue at the same rate forever), as part of its proposal for a global framework for aviation and 
climate change the aviation industry has committed to a goal of an annual average 1.5% improvement in 
fuel efficiency through 2020. 
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This prospective improvement will require the realization of a number of factors 
including, but not limited to, airline operational improvements, the evolution of airline 
route structures, advancements in airframe and engine technologies, and next-
generation air traffic management practices and procedures, without being specific as to 
the respective contribution of each. 
 
In support of use of the anticipated 1.5 percent annual improvement in industry fuel 
efficiency, the group considered each of the known components separately. Airlines 
have made great progress in recent years improving the fuel efficiency of existing fleets 
by retrofitting equipment to reduce aircraft weight or adding winglets.  Airlines also have 
introduced more fuel-focused operational processes such as single-engine taxiing, 
precision fueling, and fuel-optimized routings using sophisticated software.  These 
actions can be expected to continue to increase the fuel efficiency of existing airline 
operations, albeit possibly at a reduced rate from that achieved in the past few years. 
 
Several commercial trends underway in the airline industry also will serve to improve 
fuel efficiency.  Notably, over time the average length of a passenger trip has increased 
for multiple reasons, including the fact that growth in demand for international air 
transportation has been outpacing domestic growth.  As this trend is expected to 
continue, and more industry capacity is provided by twin-aisle aircraft on longer routes, 
the average fuel efficiency factor will improve. 
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Airlines typically refresh their aircraft fleets on a 20- to 25- year cycle. Historically each 
new generation of aircraft, with current airframe and engine technology, has generated 
an approximately 15 percent improvement in fuel efficiency over the previous 
generation.  As such, to the extent that airlines’ financial stability is restored and 
maintained in coming years, airlines can expect to gradually improve the average fuel 
efficiency of their fleet at an average annual rate of 0.6 percent to 0.75 percent as older 
aircraft are replaced with new models.  Future aircraft models such as the Boeing 787, 
Airbus 350, and Bombardier C-series will make use of carbon-fiber technology, new 
engine types and other design improvements that can be expected to continue this 
trend with sufficient investment by government and industry in relevant research and 
development programs. 
 
The Federal Aviation Administration (FAA) has initiated a program known as NextGen, 
which is an umbrella term for the ongoing, wide-ranging transformation of the National 
Airspace System.  NextGen encompasses a number of improvements in ground and 
airspace operations, including transforming the current ground-based system of air 
traffic control into a satellite-based system of air traffic management.  It will include the 
development of aviation-specific applications for existing, widely used technologies, 
such as the Global Positioning System and technological innovation in areas such as 
weather forecasting, data networking and digital communications.  NextGen is expected 
to yield many benefits, including improved safety, increased capacity and enhanced 
efficiency, as well as superior environmental performance, by allowing more aircraft to 
safely fly closer together on more direct routes.  Airspace redesign and Performance 
Based Navigation procedures are already saving fuel and reducing emissions in 
demonstrations with various air carriers.  FAA expects NextGen to cumulatively save 
over 1.4 billion gallons of jet fuel from air traffic operations between 2009 and 2018, 
representing about 0.8 percent of projected fuel consumption. 
 
 
Potential Future Impacts 
 
Alternative Fuels.   The development of commercially viable alternative jet fuels is 
expected to have a significant impact on the future fuel profile of commercial aviation.  
Alternative fuels should complement the available supply of conventional fuels while 
reducing the net carbon output of the industry.  The Air Transport Association, the 
Aerospace Industries Association, Airports Council International-North America and 
FAA co-founded the Commercial Aviation Alternative Fuels Initiative (CAAFI) to hasten 
the development and deployment of jet fuel from non-petroleum sources (see 
www.caafi.org).  CAAFI, which includes many supporters beyond the original founders, 
has been instrumental in facilitating the flow of information between potential fuel 
suppliers and the airlines with the goal of achieving agreements between the parties 
that will enable the commercial production of economically viable, environmentally 
preferred alternative jet fuels.  Airlines have generally held to the position that 
alternative fuels should meet the following criteria:  they should be “drop in” fuels 
capable of being commingled with conventional jet fuel, transported via existing 
pipelines and used in existing aircraft engines; they should be commercially viable, 
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meaning available in sufficient quantities and priced competitively; and lastly, they 
should have life cycle emissions equal to or better than conventional jet fuel. 
 
In 2009, ASTM International, the relevant standard-setting organization, approved a 
new fuel specification for fuels produced from the Fischer-Tropsch (FT) process up to a 
50 percent blend with conventional jet fuel.  FT fuels can be made from coal or natural 
gas, but may also be made from biomass feedstocks.  Because of the potential to use 
readily available coal as a feedstock, the FT process is capable of commercial-scale 
production of fuels in considerable quantities.  However, such fuels will not significantly 
reduce carbon output and may even increase lifecycle carbon versus conventional jet 
fuel unless biomass feedstocks and/or carbon sequestration are introduced to the 
process. 
 
Pure bio-jet fuels, on the other hand, have the potential to reduce life cycle emissions by 
as much as 80 percent, depending on the feedstock and process, but it may take longer 
to develop commercially viable quantities as crop production processes must be scaled 
up and costs driven down.  However, efforts underway to achieve ASTM approval for 
Hydrotreated Renewable Jet (HRJ) fuels are expected to stimulate the market viability 
of these fuels. Life cycle emissions from HRJ fuels are highly dependent on the 
feedstock and the land-use change associated with it.  Current studies suggest that 
fuels made from palm or soy oil can reduce emissions considerably, assuming no land 
use change, but HRJ fuels made from high-yield feedstocks that do not require arable 
land, such as jatropha, camelina and some algae oils display even lower life-cycle 
emissions.  However, land-use change can be critical with any biomass, as converting 
tropical or peatland rainforest to biomass production can increase life cycle emissions 
by several orders of magnitude over that of conventional jet fuel. 
 
The U.S. Air Force plans for its entire fleet to operate on fuels that are at least 50 
percent synthetic by 2016, but it remains to be seen if this goal is achievable.  The 
airline industry is dependent on the successful implementation of commercially viable 
low carbon fuels in the future to enable the reduction of green house gas (GHG) 
emissions beyond improvements expected from other known sources such as aircraft 
technology and NextGen. 
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Industry Targets and the Prospect for Carbon Taxes on Jet Fuel.  The U.S. airline 
industry has joined with the worldwide aviation industry in supporting a global sectoral 
approach to aviation and climate change. As part of this, the industry has proposed a 
series of GHG emissions goals, including a 1.5 percent annual average fuel efficiency 
improvement through 2020, carbon neutral growth from 2020 and a 50 percent net 
reduction in aviation’s CO2 output in 2050, relative to 2005 levels. Meeting these goals 
relies on the full array of measures noted above and on governments making the 
necessary supportive investments in technology research and development, operational 
and infrastructure improvements and alternative fuels. Additional taxes and charges, 
including potential carbon taxes or emissions trading as applied to jet fuel, that siphon 
away from aviation the funds it needs to invest in new aircraft, efficiency-enhancing 
retrofits like winglets and alternative fuels will detract from the industry’s ability to 
continue to improve its fuel and carbon efficiency from within the sector. Instead, the 
aviation industry approach calls for the implementation of an international framework 
under the International Civil Aviation Organization (ICAO), the United Nations body 
charged with setting standards and recommended practices for international aviation, to 
support appropriate targets and measures for aviation GHGs. This approach also 
provides that if any carbon credits are needed to help industry close the gap in meeting 



 11 

its targets, any revenues collected should be reinvested into aviation environmental 
improvements.  In October of 2010, ICAO adopted an Assembly Resolution with the 
essential outlines for such a framework, with more work continuing on details. 
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